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Abstract
A trap-and-haul program is operated to move anadromous Pacific salmon (Oncorhynchus spp.) around dams and reservoirs in the Cowlitz River basin, Washington. The primary release site for adult fish is in Lake Scanewa, a small reservoir created by Cowlitz Falls Dam, the uppermost dam in the basin. Releases in the reservoir are terminated when reservoir water temperature is 16 degrees Celsius (°C) or greater to reduce the risk of exposing adult salmon and steelhead (O. mykiss) to thermal conditions known to be stressful for these species. When the water temperature limit is reached, fish are released into the Cowlitz and Cispus Rivers upstream of the reservoir. Concerns have been raised about fish presence in the reservoir during warm conditions, so an empirical evaluation of water temperatures selected by spring Chinook salmon (O. tshawytscha) in Lake Scanewa was requested by resource managers. We conducted the evaluation during June-October 2012. Water temperature in the reservoir was measured using a series of thermographs combined with daily measurements at the Cowlitz Falls Fish Facility. Temperature-use data were collected from 50 adult hatchery-origin spring Chinook salmon tagged with temperature-sensing radio transmitters and released into the reservoir. This approach yielded a total of 930,056 individual temperature-use records in the reservoir during the study. Tagged fish occupied water temperatures less than 16 °C during most of the study period. Water temperatures ranged from 5 to 18.5 °C during the study, peaking in mid-August. Overall, about 25 percent of the detections of tagged fish were in water temperatures in the 16-20 °C range. In August, tagged fish detections in the 18-20 °C range comprised 13 percent of the total detections, and the remainder of the detections were in water less than or equal to 17 °C. Results from the study indicate that adult hatchery-origin spring Chinook salmon were able to locate and use water temperatures in the reservoir less than levels associated with stress. However, we also observed that thermal conditions in the reservoir were cool relative to most other years during 2008-16. Additional research may be warranted to better understand thermal exposure of adult spring Chinook salmon during warmer years.
Introduction
Pacific salmon (Oncorhynchus spp.) were excluded from the upper Cowlitz River basin in the 1960s when Mayfield and Mossyrock dams were constructed at river kilometer (rkm) 84 and 105. However, the mid-1990s construction of Cowlitz Falls Dam (rkm 142), which included a surface collection system to capture downstream migrants, provided an opportunity to reintroduce anadromous fish species to the upper Cowlitz River basin (Serl and Morrill, 2011 (Serl and Morrill, 2011) . These efforts are continuing, with the goal of eventually establishing self-sustaining populations in the basin.
Three release sites were developed upstream of Cowlitz Falls Dam to facilitate fishhauling trucks releasing adult salmon and steelhead. The primary release site is in Lake Scanewa ( fig. 1 ), the reservoir created by Cowlitz Falls Dam. At this site, fish enter the reservoir near the confluence of the Cowlitz and Cispus Rivers. Spawning habitat is nearly absent in Lake Scanewa, but released fish can choose to enter either the Cowlitz or Cispus Rivers, which each contain abundant spawning areas. Secondary release sites were established in the Cowlitz and Cispus Rivers. The Cowlitz River release site is located near Packwood, Washington, about 58 rkm upstream of the Lake Scanewa release site. The Cispus River release site is located about 32 rkm upstream of the Lake Scanewa release site ( fig. 1 ). The primary release site in the reservoir has advantages: it has the shortest transport time (from the adult collection facility downstream of Mayfield Dam to the release site) of all three release sites, and fish can select to enter either the Cowlitz River or Cispus River for spawning. However, there are also concerns associated with releasing fish in the reservoir: the release site is located a short distance upstream (1.6 rkm) of Cowlitz Falls Dam, so fish may be susceptible to falling back downstream of the dam, and reservoir water temperatures can exceed 20 degrees Celsius (°C) during summer months. The potential for warm reservoir water temperatures to negatively affect transported fish is of concern for Chinook salmon. Most Chinook salmon are transported upstream and released during April-June, but some fish are also released during July and August. To minimize potential negative effects of increased water temperature, resource managers typically choose to use the Cowlitz and Cispus River release sites when water temperature exceeds 16 °C in Lake Scanewa. This trigger has recently been modified to begin using the river release sites on June 16, which is generally when reservoir conditions reach 16 °C each year. Many Chinook salmon adults remain in Lake Scanewa for weeks after release, particularly those of hatchery origin (Kock and others, 2016; Kock and others, 2018) . Thus, many of the spring Chinook salmon released into the reservoir each year may be exposed to water temperatures greater than 16 °C if they remain in the reservoir for an extended period. Previous research has shown that thermal conditions greater than 18 °C are stressful for spring Chinook salmon (Berman, 1990; McCullough and others, 2001) , and exposure to temperature conditions in this range can negatively affect fish health, survival, and fitness (Keefer and others, 2015) .
We initiated this study to evaluate water temperature availability and water-temperature use by adult spring Chinook salmon in Lake Scanewa during 2012. Water temperature availability data were collected using thermographs deployed throughout the study area. Watertemperature-use data were collected by tagging adult spring Chinook salmon with temperaturesensing radio transmitters. The objectives of the study were to: (1) describe water temperature patterns in Lake Scanewa during June-September 2012, and (2) describe water, temperature use by adult spring Chinook salmon during June-September 2012. This report summarizes the study done to address these objectives. 
Methods
Study Area
The Cowlitz River in southwestern Washington state is a primary tributary to the lower Columbia River. The river drains 6,698 square kilometers (km 2 ) on the western slopes of the Cascade Mountain range. The three dams operating on the river are the Mayfield, Mossyrock, and Cowlitz Falls Dams. The upper Cowlitz River basin is comprised of two main rivers, the Cowlitz River and the Cispus River. They share a confluence at rkm 144, near the center of Lake Scanewa, a small reservoir with a surface area of 264 hectares. The Cowlitz River upstream of Cowlitz Falls Dam drains 1,577 km 2 , and the Cispus River drains 1,121 km 2 . This study was done within the boundaries of Lake Scanewa (see section, "Fish Monitoring") to describe watertemperature use by adult spring Chinook salmon in the reservoir.
Water Temperature Availability
Water temperature was monitored in Lake Scanewa at three locations: the Cowlitz arm, the Cispus arm, and the downstream arm of the reservoir ( fig. 1 ). Multiple temperature loggers (Model HOBO Pro v2, Onset Computer Corporation, Bourne, Massachusetts) were vertically separated at each site to collect water temperature data at specific depths in the water column (table 1) . Water temperature loggers were attached to a 0.6 centimeter-diameter steel cable anchored to the reservoir floor with a 13.6 kg lead weight. The steel cable was attached at the surface to a large tree root or stump, which allowed it to suspend vertically in the water column. Deployment depths of water temperature loggers at each location are shown in table 1. Temperature loggers were programmed to record a temperature reading every 2 hours (h). These records were averaged for each calendar day to summarize daily-averaged water temperature at each depth for all locations. Additionally, daily water temperature records were obtained from the Cowlitz Falls Fish Facility, which is operated from mid-April to late-August each year. Water-Temperature Use
Fish Tagging and Release
Adult spring Chinook salmon were collected for tagging at the Cowlitz Salmon Hatchery (rkm 113.7) downstream of Mayfield Dam. The fish trap at the hatchery operates continuously during periods when adult salmon and steelhead are migrating. Fish are handled and sorted weekdays by Tacoma Power staff. An automatic crowder was inside the fish trap, and an exit chute was near the top of the trap that led to the area where anesthesia was administered. The crowder was used to force groups of fish (20-50 fish/group) into the exit chute for batch application of anesthesia. Fish were anesthetized using electrosedation (Model EA-1000B, Smith-Root, Inc., Vancouver, Washington) to facilitate the sorting process. Groups of fish were crowded into a large holding basket, and electrosedation was applied for approximately 30 seconds, after which fish were immobilized and ready for sorting. Fish were sorted by species and origin and moved into one of eight concrete holding tanks, where they could be transferred to the hatchery for spawning or loaded onto fish hauling trucks and transported to upstream release sites. Tagging occurred after fish were sorted and before fish were transferred to the holding tanks.
For this study, tagging was restricted to hatchery-origin fish that had been shown to spend more time in the reservoir than their natural-origin counterparts (Kock and others, 2018) . We collected the following data for each tagged fish: species, sex (visually assessed), and fork length (centimeter). Once these data were collected, a radio transmitter was gastrically implanted using methods described by Keefer and others (2004) . We used MCFT-3EM transmitters (Lotek Wireless, Inc.; Newmarket, Ontario, Canada) that were 53-millimeter-long and 12-millimeterwide and weighed 4.3 grams in water. A single band of silicon tubing (approximately 1-centimeter long) was placed around the lower part of each transmitter to decrease the likelihood that transmitters were regurgitated (Keefer and others, 2004) . Following tagging, fish were transferred to a concrete holding tank where they were held overnight (along with untagged fish) to recover from the trapping, sorting, and tagging process.
On each release day, groups of fish were loaded onto fish-hauling trucks for transport to the upper Cowlitz River basin. All loading and transport processes were done by Tacoma Power personnel, following the procedures used for the trap-and-haul program. The radio-tagged fish were loaded and transported under the same conditions as untagged fish. The loading process consisted of a water-to-water transfer from the holding tank to the fish-hauling truck. Transport trucks hauled approximately 130 Chinook salmon in each load, and tagged fish were transported with untagged fish. Transport time from the Cowlitz Salmon Hatchery to the Lake Scanewa release site was approximately 45 minutes. Releases normally occurred between 09:00 and 11:00 a.m. Fish were released directly from the transport truck into the river at the release site using a 1-meter-long flume that minimized the vertical drop from the truck to the river.
Fish Monitoring
A series of fixed-location monitoring sites (hereinafter called "fixed sites") were deployed to detect tagged fish as they moved within the study area. Six fixed sites monitored fish and temperature use in Lake Scanewa. These sites were in the reservoir in the Cowlitz Arm Fixed-site detection data were supplemented with mobile tracking detections collected during July-September 2012 in Lake Scanewa. Mobile tracking was done using a boat to slowly move through the reservoir while monitoring a telemetry receiver for detections of tagged fish. When a tagged fish was located, we recorded its position (latitude and longitude) using a globalpositioning system, the date and time of detection, and the water temperature reading emitted by the transmitter, which was displayed on the receiver. Mobile tracking occurred two times per week beginning in mid-July and ending in early-September.
Data Analysis
We used two approaches to characterize water temperature patterns in Lake Scanewa during 2012. First, we compared daily water temperatures measured at the Cowlitz Falls Fish Facility during 2012 to daily water temperature data collected during 2008-11 and 2013-16 to provide context for conditions observed during this study. To do this, we plotted daily water temperatures from June 1 to August 31 for each year during 2008-16. This allowed visual assessment of water temperature patterns in 2012 relative to conditions observed during the 9-year period. Second, we summarized depth-specific water temperature data collected at 2-h intervals at three locations in Lake Scanewa. For each temperature logger we averaged 2-h data records within a single day to generate a daily-averaged value for that location and depth. The daily-averaged water temperatures were then plotted by location and depth to describe water temperature distributions within the water column at specific sites in the reservoir.
Temperature-use patterns of adult spring Chinook salmon were examined using dailyaveraged water temperature records. Individual water temperature records obtained from temperature-sensing radio transmitters were averaged for each calendar day in the study period. This was accomplished by calculating the mean temperature value for tagged individuals on each date they were detected in the reservoir. This information was used to develop a time-series of the thermal history of each tagged fish in the reservoir. We also calculated daily-averaged thermal histories for all tagged fish in the reservoir by pooling all detections on each calendar day. These data are presented for the entire reservoir and for the three reservoir arms.
Results
Fish Tagging and Release
A total of 51 adult spring Chinook salmon of hatchery origin were tagged and released during the study period. Fish releases began on June 19, 2012, and continued weekly through August 14, 2012 (table 2) . A greater number of female Chinook salmon were tagged and released than male Chinook salmon. Ten fish were released in June, 30 fish in July, and 11 in August (table 2). 
Water Temperature Monitoring in Lake Scanewa
Water temperature at the Cowlitz Falls Fish Facility was in the 5.5-11 °C range from April 16 to July 6, 2012, and increased to a high of 18.5 °C on August 15, 2012 ( fig. 2) . Generally, 2012 appeared to be an average to cool water temperature year in Lake Scanewa compared to other years during 2008-16 ( fig. 2) . Water temperature exceeded 19 °C at the Cowlitz Falls Fish Facility in 6 of the 9 years (2009-10 and 2013-16 ) and exceeded 20 °C in 4 of the 9 years (2009 and 2014-16) during that period. Conditions were warmest in 2015 and coolest in 2008 (fig. 2) .
Water temperature was similar throughout the water column at each of the three reservoir locations during July, but distinct temperature layers appeared at each location during August and September (fig. 3) . In some cases, surface temperature exceeded 20 °C, but on most dates water temperature was less than 16 °C at the deepest sensor at each location ( fig. 3) . 
Water-Temperature Use by Adult Spring Chinook Salmon in Lake Scanewa
During 2012, 930,056 water temperature records were collected from temperaturesensing radio transmitters implanted in adult spring Chinook salmon in Lake Scanewa. The average number of records collected from individual fish was 18,237 (range = 36-82,558) . Tagged fish were detected throughout the reservoir each month from June to October 2012, with the greatest number of fish detected in July and August (table 3) . Many tagged spring Chinook salmon remained in the reservoir throughout the study (21 fish; 41 percent), while others moved upstream into the Cispus River (16 fish; 31 percent) and the Cowlitz River (12 fish; 24 percent), or moved downstream and passed Cowlitz Falls Dam (2 fish; 4 percent). Daily-averaged temperature histories of three randomly-selected study fish are shown in figure 4 as examples of temperature histories of tagged fish.
Water-temperature-use patterns changed monthly but most detections occurred within the 9-18 °C range (table 4) . In June, 94 percent of the temperature records collected were in the 9-11 °C range. In July, 99 percent of the temperature records were in the 10-16 °C range. Tagged fish occupied the warmest temperature range in August with 99 percent of the temperature records in the 12-18 °C range. In September, 96 percent of the temperature records were in the 10-15 °C range. Finally, 96 percent of the temperature records from October were in the 11-14 °C range (table 4) . Daily-averaged water-temperature-use data show that tagged fish primarily were found in water less than 16 °C in Lake Scanewa during June-October 2012 ( fig. 5 ). Dailyaveraged water temperature of tagged spring Chinook salmon exceeded 16 °C on 10 dates during the entire study period ( fig. 5 ). Tagged Chinook salmon occupied similar water temperatures in the three arms of Lake Scanewa during June and most of July but were found in cooler water in the Cispus Arm of the reservoir during August-October 2012 ( fig. 6 ). On average, daily water temperature-use by tagged Chinook salmon in the Cispus Arm was 2.3 °C cooler than daily water-temperature use by tagged fish in the Cowlitz and downstream arms of the reservoir. Water temperature data were collected using temperature-sensing radio transmitters implanted in study fish.
Discussion
This report described water temperature use by adult hatchery-origin spring Chinook salmon in Lake Scanewa during June-October 2012. The use of thermographs and temperaturesensing radio transmitters allowed us to describe water temperature availability in the reservoir and to continuously monitor water temperatures occupied by multiple tagged fish. We found that tagged fish occupied water temperatures less than 16 °C during most of the study period. Water temperature peaked in the reservoir during August, when we observed that 49 percent of the detections of tagged fish were in water temperatures of 16-20 °C. Other studies have indicated that exposure to water temperature equal to or greater than 18 °C is stressful for spring Chinook salmon (Berman, 1990; McCullough and others, 2001; Keefer and others, 2015) . In this study, tagged fish detections in water temperatures 18-20 °C comprised 13 percent of the total detections in August. Data collected during this study indicate that adult hatchery-origin spring Chinook salmon were able to locate and use water temperatures in Lake Scanewa less than levels reported as stressful for the species in other locations (Berman, 1990; McCullough and others, 2001 Keefer and others, 2015; ) . However, thermal conditions in the reservoir were relatively mild in 2012 and appear to have been closer to the coolest water temperature year (2008) than other years in the 2008-16 timeframe. Thus, it may be useful to do a similar study in the future 13 to determine if thermal exposure to stressful conditions occur at a higher rate during a year when the reservoir has warmer water conditions. Tagged spring Chinook salmon in the Cispus Arm of the reservoir occupied water temperatures substantially cooler than elsewhere in the reservoir during August and September. That finding suggests that the Cispus River provides an important source of cool water refugia in Lake Scanewa, and that adult spring Chinook salmon can locate and use this resource. Berman and Quinn (1991) monitored temperature use by adult spring Chinook salmon in the Yakima River and found that tagged fish maintained (on average) an internal body temperature 2.5 °C less than ambient river temperatures by holding in areas where thermal refuges were present. The importance of this cool water resource in Lake Scanewa could become increasingly important in warm water years and with climate change, further supporting the need for additional research on this topic to better understand how these factors change annually.
